The qualitative analysis of the two-dimensional systems of autonomous differential equations of Rosenzweig-MacArthur, representing a predator-prey interaction, is carried out. Considering the use of shelters by dams with the functions proposed by Maynard-Smith. For the analytical study, the qualitative theory of the systems of differential equations is used. It is shown that the refuge influences the stability of the single equilibrium point inside the first quadrant and produces important effects in the dynamics of the Rosenzweig-MacArthur model.
Introduction
In population dynamics, the models proposed in the literature for different interactions between species, consider assumptions with the aim of simplifying their mathematical descriptions [1] . The behavior of the species can be affected by ecological variables such as refuge availability, formation of defense groups, appearance of antidepredatory strategies [2] .
Taking into account the use of refuge by the dam (heterogeneity of the environment) and the aforementioned simplifying conditions for the elaboration of a mathematical prey -predator model with refuge for the prey, they are denoted
the population sizes of prey and predators respectively, to t > 0, considered as continuous variables that can represent density, biomass or Quantity of individuals of each population. Also for
, the number of prey in refuge, so the number of prey that would be interacting with predators is r X X  the mathematical expression that represents the biological prey-predator interaction system is:
they are continuous variables in time that represent the densities of prey and predator populations, respectively,  Reason for converting prey into new predators.
The sheltering functions proposed by Maynard-Smith [5] are considered. The resulting models of predation are analyzed qualitatively by including the sheltering functions of the Rosenzweig-MacArthur model [6] .
The Model
The effect of adding a refuge to the prey is analyzed in the dam-predator model known as the Rosenzweig-MacArthur model [6] , which is expressed by the system of autonomous differential equations.
Model dynamics of Rosenzweig -MacArthur
 is the vector of biological parameters [7] .
If X r it is the density of the refugee dams, the functional response of the predators is altered and the system is obtained:
 it is the vector of biological parameters.
The system X   can be rewritten as 
Model analysis
As in the system (2.4) there are seven parameters, a reduction of them is made to work simultaneously with all simplifying the complexity of the calculations, this is achieved by reparameterizing the coordinates and rescaling the time, with the methodology proposed by Saez and González (1999) [8] , where we work with a dimensionless system in which the new parameters express relationships between the old ones, resulting in a diffeomorphism that takes points of equilibrium in points of equilibrium, limit cycles in limit cycles, etc between the systems of differential equations, is To say, the systems are topologically equivalent [9] , [10] .
Parameter reduction theorem
The system X   is topologically equivalent to the system: 
Solution space with Biological Sense
Considering the environment is isolated, that is, there is no reintroduction of prey 
Demonstration
In the system X  the coordinate axes 0 N  y 0 P  they are invariant sets, and when 1 N  you have to 0 dN P d    and so the points of the trajectories are in  .
States of Balance
The N-nulclines associated with the system X  , for
The P-nulclines en  associated with the system X  , are:
The Jacobian matrix associated with the system X  is given by: (1 ) ( (1 ) )
The equilibrium points with biological sense are: is a hyperbolic chair.
Demonstration
The Jacobian matrix evaluated at the critical point
With own values:
The following theorem shows that the equilibrium point inside the first quadrant can change its stability. it is a center, a neutrally stable limit cycle.
ii). If 1 01 1
it is a repulsive focus (unstable).
is a locally stable attractor focus.
The Jacobian matrix evaluated in 
Conclusion
The number of equilibrium points of the systems of differential equations representing the Rosenzweig-MacArthur predation models in the region of invariance depends on the refuge function.
If the equilibrium point exists within the region of invariance in the RosenzweigMacArthur model, it changes from an unstable repulsor focus to a stable attractor focus according to the variation of the parameters with respect to the parameter that includes the refuge. It is assumed that there may be periodic solutions and a Hopf fork.
